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Abstract
The metallic materials such as steel, iron, titanium and nickel alloys etc., are 
extensively used in the automobile, marine, biomedical, aerospace, chemical indus-
try and power generation sector. However, the poor surface properties restricted 
their wide usage in many applications. Therefore, the surface properties need to be 
enhanced through novel treatments without affecting the bulk. In recent years, laser 
surface modification attracts more due to their inherent properties. The laser based 
surface altering process is appropriate to modify the metallic surfaces in terms of 
their flexibility, simple operation and process economy. Laser surface modification 
includes; surface hardening, melting, alloying, cladding and texturing. Thus, from 
a process engineering, metallurgical reasons and tribologist view point, the laser 
surface modification process can be recognized as an important topic.
Keywords: laser hardening, melting, alloying, cladding and texturing
1. Introduction
In the 20th century, Laser surface alteration played a major role in enhancing 
the material surface properties. Among the number of ways to enhance the mate-
rial properties, laser based surface alterations are used to enhance a better physical 
property in the machined surface and improved the component performance. The 
high power Neodymium Yttrium-Aluminum-Garnet (Nd: YAG) laser, carbon-di-
oxide (CO2) laser and excimer lasers are used to perform the laser surface treatment 
which is expensive, popular and operate at pulsed mode or continuous wave mode. 
These lasers are used to heat the near-surface area of the finished components for 
enhancing the properties. The laser surface modifications have the ability to control 
the amount of heat energy to work material with high directionality. The purpose of 
a surface hardening by laser is to improve the component wear properties. The laser 
surface hardening is defined as the heat energy from the laser beam that directly 
heated the component surface at a very short interval period without melting the 
work material. The heat input to the component surface is the reason for creating 
the tough and fine-grained structure in the hardened surface. The risk of crack 
forming is very low due to the self-quenching process. The laser surface melting 
(LSM) is heated to its melting point through a high power laser beam and rapidly 
solidified. The aim of LSM is to refine the surface microstructure, homogenization 
of composition, dissolution of precipitates. The LSM is also used to improve the 
corrosion resistance of steel and iron. The minimization of intergranular corrosion 
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is possible through LSM by avoiding the carbides formation during subsequent 
homogenization and sensitizing treatment. The laser surface alloying (LSA) is 
defined as the high heat energy used to melt the metal coating through laser and 
a portion of underlying substrate. This technique is used to form highly resistant 
gradient layers on the metal surface. The major benefit of this technique is sudden 
heating followed by cooling and the surface properties are improved. The laser 
cladding (LC) is a coating method that the surface melting and new material layer 
formation by addition of material are simultaneously processed in the substrate at 
the same time by using the laser power. The desired surface properties are achieved 
after solidification. The large component surface properties are easily increased 
by using LC. The complete metallurgical bond is necessary between the melting 
of substrate and forming of a new material layer at the interface. The laser surface 
texturing (LST) is defined as the process in which the change of material surface 
properties by modifying its texture and roughness. The laser beam is used to create 
the micro patterns on the surface by laser ablation. The micro patterns are cre-
ated on the surface in various shapes such as dimples, grooves and free forms with 
precise dimension. This process is mostly used in biomedical applications.
The different types of laser have different abilities to perform the process on 
materials. All the lasers are producing the heat energy and the laser beam wave-
length is majorly affecting the performance of materials. Generally, the total laser 
heat energy is supplied to work material in which can be divided into two ways such 
as the fraction of heat energy is observed by work material and remaining heat 
energy is reflected to the environment. This happens during the surface hardening 
by laser. The supply of heat energy to polished metal surface components is depend-
ing upon the heat absorbability of work material and wavelength of irradiation. 
Generally, the short wavelength has higher absorptivity. Hence, the Nd: YAG laser 
(λ = 1.064 μm) has produced the higher absorbing ability beam to work material 
than the CO2 laser (λ = 10.6 μm) for surface hardening of steel. In order to increase 
the CO2 laser absorbility (high wavelength) to work material, the coating or 
painting is required in the work material prior to the CO2 laser surface hardening. 
Therefore, the Nd: YAG laser surface hardening better than CO2 laser surface hard-
ening because the Nd: YAG laser has short wavelength and produces a high absorb-
ing rate to work material. The Nd: YAG laser produces heat energy to work material 
which is transferred through fiber cable whereas CO2 laser is impossible. The inert 
gases, helium, neon and argon are used to eliminate the atmospheric contamina-
tion. In order to reduce the wavelength of a laser, an excimer laser is developed with 
very short wavelength. This laser can be used to micromachining on medical parts. 
In this chapter, laser surface hardening, laser surface melting, laser surface alloying, 
laser surface cladding and laser surface texturing have been discussed to improve 
the microstructure, hardness and wear resistance of mechanical components.
2. Laser surface hardening (LSH)
The laser surface hardening is defined as the heat energy from the laser beam 
which is directly impacted to the finished component surface for improving the 
wear resistance. The component life is increases without affecting the bulk mate-
rial. During the hardening process, the surface layer is heated up to hardening 
temperature under the short period of time. The quenching is a necessary process 
to achieve the hard martensite phase in the heated surface. Thereby, the component 
surfaces are hardened by laser and achieve the high wear resistant surface with 
desired bulk properties. The components such as gear teeth, gears, shafts, cam-
shafts, axles, cylinder liners, valve guides and exhaust valves showed with higher 
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stresses due to laser surface hardening. The type of work materials, cast iron, die 
steel and medium-carbon steel are also required the laser surface hardening for 
better performance. The mass-production industries, automobile components and 
electronic parts are performed the laser hardening on the component surfaces [1]. 
The desired component performances are mainly depending upon the selection of 
laser process parameters such as power, scanning speed, pressure, beam shape and 
material properties. Now-a-days, in order to improve the surface quality of com-
ponents, the number of surface treatment are commercially available to obtain the 
unique material properties. For example, the I-section rail (railway) is fabricated 
by hot rolled processes which have non-uniform properties in the flange and web. 
The I-section beam is shown in Figure 1. The flanges have been designed to with-
stand high stress whereas the web designed to withstand the least stress. The flange 
thickness is greater than the web thickness and stress developed in the I-section is 
within the allowable limit. The point is the different cross section of flange and web 
has produced the non-uniform properties. Hence, the laser surface hardening is 
required for achieving the uniform properties over the flange and web.
The laser surface transformation hardening process is performed to obtain 
the required depth and width for steel material. The accurate parts are made of 
medium carbon steels which require the laser surface hardening. The small and 
complex components are easily surface hardened by laser. This is because of the 
high rate of cooling effects to increase the hardness rate in the quenching process 
[2]. Therefore, LSH is a better process compared to flame and induction harden-
ing processes. The quenching process is suddenly reducing the work material 
temperature by using water, oil or air to get certain material properties through 
the phase transformation. Therefore, a comparative study is made between the 
laser quenching and conventional quenching on steel to study the hardness and 
wear rate. The conventional quenching and tempering is carried out by using the 
temperature of 1198 K for 4.5 h and temperature of 523 K for 4 h respectively. 
The air, 10 kW CW diode laser, 3.5 mm spot diameter and 168 mm/s linear speed 
are used in the laser treatment. The laser quenched and conventional quenched 
sample for 25 μm distance from the surface, the produced hardness is 600 HV0.1 
and 625 HV0.1 respectively. The laser quenched sample has 0.4 mm
3/N-m wear rate 
which is lesser than the conventional quenched sample of 0.6 mm3/N-m wear rate 
at 500 m sliding distance [3]. The wear and microhardness studies are performed 
on 40CrNiMoA steel by using laser quenching and high-frequency quenching. 
Figure 1. 
Schematic of I-section beam used in rail.
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A 2 kW CW CO2 laser, 1400 W laser power, 35 mm/s traverse speed, 60 degree 
incident angle, black organic absorbent coating, 0.9 m3/h gas flow rate and 10 mm 
defocusing distance are used in the laser treatment. The hardness of the quenched 
groove surface reached 750 HV and is substantially higher than that resulting from 
the high-frequency quenching method. The results of wear testing showed that the 
wear resistance of laser quenched specimens is 1.3 times higher than that of a high-
frequency quenching specimen [4]. Comparisons were made between the gray 
cast iron (GCI), laser hardened quench-tempered GCI and conventional austem-
pered GCI specimens based on the hardness and wear loss. The air, CW Nd: YAG 
laser, 2 mm laser spot, 22 mm defocused distance, 2 mm/s scanning speed, 6 Hz 
frequency, 120 A current and 8 ms pulse duration is used for laser hardening. The 
hardness of the laser hardened zone with ledeburitic structure is approximately 68 
HRC. The quenching-tempered GCI specimen showed higher wear resistance than 
untreated GCI specimen [5].
The advantage of laser surface hardening is listed below
• The lower level of heat energy is used to work material compared to conven-
tional surface heat treatment.
• The input laser energy is controlled by varying the process parameters such as 
power, scanning speed, defocus, different shapes of lenses and mirrors.
• The hardened surface is obtained through self-quenching of the heated surface 
layer.
• The work material is made under the hardening and quenching process result-
ing in cleaning of work material is not required.
• The beam guidance is automatically controlled over the work material.
• The surface heat treatment is specifically performed on small parts and 
complex parts.
The disadvantage of laser surface hardening is listed below
• High initial capital cost
• Skilled operators are needed
• Surface preparations are required in difficult areas.
• Radiation protection is required
• Material hardness and wear
The performance of the components such as hardness and wear resistance of 
work materials are mainly focused in the laser surface hardening. This is depending 
upon the material type, material properties, and types of processing on materials. 
The desired properties of work materials are obtained through proper selection 
of laser surface treatment and optimization. In order to improve the durability of 
mechanical components namely gears, engine valve, brake drums and camshaft 
are highly needed the LSH. The induction hardening is one of the surface harden-
ing process which is shown in Figure 2. It is performed to achieve the uniform 
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microstructure and good wear resistance which is higher implementation cost 
compared to laser surface hardening.
In this induction hardening, the depth of hardening is mainly depending upon 
the resistivity (ρ), frequency (v) and magnetic permeability (μ). The work material 







The laser surface hardening can be performed on the components either par-
tially or fully depending upon the application of the components. Specifically, the 
load bearing component is subjected to high surface wear. Hence, the laser surface 
hardening is required on the load bearing component surface. Therefore, the load 
bearing component is hardened by laser, the surface has produced a high harden-
ability and fine microstructure [6]. The service life of crankshaft and camshaft 
are made on EN18 steel in which properties are improved by diode laser surface 
hardening with beam diameter of 3 mm, velocity of 1 m/min and power of 1.5 kW. 
The argon gas is used as shield gas [7]. The advantages of induction hardening are 
localized areas heat treated, minimal surface decarburization, surface oxidation, 
slight deformation, improved fatigue strength and low operating cost. The disad-
vantages of induction hardening are high capital investment. The advantages of 
laser hardening are described as non-hardenable steels are surface hardened, higher 
hardness obtained than conventional hardening, eliminating dimensional distor-
tion, no protective atmosphere required and very long and irregular shapes easily 
hardened. The disadvantages of laser hardening are high initial and working cost 
and difficult to harden the high alloy steel. The schematic diagram of substrate and 
laser processed materials are shown in Figure 3(a) and (b). The parent substrate 
has coarse and uneven equiaxed grains. The laser processed work material showed 
the hardened depth varying from top surface to 200 μm depth. The depth of hard-
ening increases with grain size increases from finer to coarser. The curved surface 
is formed at top surface due to the low scanning speed produces more evaporation 
in the laser melted surface. The laser process parameters, power of 1.5 kW, beam 
diameter of 3 mm, scan speed of 1 m/min and interaction time of 0.18 s are used to  
obtain the desired hardness. The Nd: YAG laser and argon gas with flow rate of 20 L/min 
is used in the laser surface hardening. The hardness decreases from 955 HV to 
Figure 2. 
Schematic of induction hardening.
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236 HV which is obtained by varying distance from top to 200-micron depth and it 
is shown in Figure 4. This is due to the grain size refinement [8]. The 5 kW CW CO2 
laser, power ranging from 1.1–2.5 kW, traverse speed ranging from 6 to 15 mm/s and 
spot size of 6.3 mm, 2.27 mm, 4.63 mm and 1.2 mm are used to harden the various 
carbon steel. The argon gas is used as shielding gas. The traverse speed has mostly 
affecting the hardness. The carbon percentage increases, the average hardness 
value also increases. The C-45 steel has produced higher hardness. The hardness of 
the material was improved by minimizing the diameter of spot size [9]. Further, 
conventional type laser surface treatment is performed on large surface areas and 
irregular hardness was observed on the machined component. In order to overcome 
irregular hardness, a laser overlapping method is used in the laser transformation 
hardening which is presented in Figure 5.
After the laser treatment, the laser hardened zones are divided into three sec-
tions such as hardened zone, transition zone and heat affected zone which is shown 
in Figure 6. A study on the effect of process parameters on surface hardness splined 
shafts is performed by using laser surface hardening. The fiber laser, power varying 
from 1900 to 2500 W, scanning speed varying from 2 to 6 mm/s, rotation speed 
varying from 1500 to 2500 rpm, the flank tilt angle of spline tooth varying from 
15 to 20 and tooth depth of spline shaft varying from 2.5–3.5 are used in the laser 
Figure 3. 
(a) Schematic of; (a) as received tool steel microstructure, (b) laser surface hardened tool steel with modified 
structure.
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hardening of spline shaft. The result found that the maximum hardness is observed 
by using the power of 2500 W, scanning speed of 2 mm/s, rotational speed of 
2500 rpm, the flank tilt angle of spline tooth of 20° and tooth depth of spline shaft 
of 3.5 mm [10]. An investigation on the underwater hardening of AISI 1055 steel is 
carried out using lasers. A 250 W CW Ytterbium based fiber laser, focal length of 
300 mm, defocus distance of 10 mm and traverse speed varying from 1 to 100 mm/s 
are used in the laser surface hardening. The result found that the higher surface 
roughness is obtained in the underwater welding compared to conventional laser 
hardening due to the additional cooling effect in the underwater [11].
Figure 4. 
Microhardness variation from top surface to substrate through LSH.
Figure 5. 
Schematic of laser transformation hardening.
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3. Laser surface melting (LSM)
Laser surface melting is one of the surface alteration processes that the surface 
of the substrate is melted and rapidly solidified to form the fine microstructure 
and improving the mechanical properties without changing the bulk properties 
and without addition of any metallic elements. The piston, valve and sliding parts 
are made of magnesium alloys, which are used in the automobile components and 
energy saving material. The application and limitation of magnesium alloy is decided 
by properties. In order to improve the tribological and mechanical properties, the 
laser surface melting process is focused on magnesium alloy. In the conventional 
heat treatment of HSS materials are presented the retained austenite, which trans-
forms into brittle martensite during service. But, the life of high-speed tool steel is 
increased by using LSM. The schematic view of LSM is shown in Figure 7. The LSM 
treatment are carried out using a 2 kW fiber laser with 1.06 μm wavelength, laser 
power of 1500 W, the laser scanning speed of 600 mm/min and the distance between 
the laser head, spot size of 3 mm, shielding gas pressure of 0.3 MPa and the specimen 
Figure 6. 
Schematic of different zones of laser transformation hardening.
Figure 7. 
Schematic view of laser surface melting.
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surface of 12 cm are used in the LSM. The microhardness and corrosion resistance of 
magnesium alloy is also improved by using LSM with electromagnetic stirring [12]. 
In order to enhance the microhardness of melted substrate, the LSM process param-
eters effect of hardness of magnesium alloy is studied. The CW CO2 laser, beam 
diameter of 4 mm, argon gas of 6 l/min, speed varying from 100 to 400 mm/min  
and power varying from 1.5–3.0 kW are used in the process. The result showed 
that the melt depth of magnesium alloy is directly proportional to the laser power 
and inversely proportional to the scan speed. Laser surface melting enhances the 
microhardness of the melted zone by 2–3 times than the substrate [13]. The laser 
processed hardness of high speed tool steel and magnesium alloy is decreased from 
as-received substrate by increasing distance from the melting surface which is shown 
in Figure 8. This is due to the refined, solid solution strengthening and uniform 
microstructure. The LSM is also performed in electric contact material of Cu-50Cr. 
The 1 kW CW Nd: YAG laser, power density varying from 106 to 107 W/cm2, scan-
ning speed of 6000–10,000 mm/min and argon gas are used in this process. From 
the analysis found that the microhardness and withstanding voltage of Cu-50Cr are 
significantly improved by using LSM [14]. The effects of LSM process parameters are 
affecting the microstructure and hardness of AZ31B magnesium alloy substrate. The 
result found that the grain size in the fused layer increases by increasing power. The 
schematic diagram of as-received magnesium alloy is shown in Figure 9a. The effects 
of different power on microstructure of layer fused layers are shown in Figure 10 b-e. 
The Nd: YAG laser power varying from 1600 to 2200 W, laser beam scanning velocity 
of 900 mm/min, laser beam spot diameter of 4 mm, number of superimposed tracks 
of 9, overlap ratio of 15%, and argon flow rate of 25 mL/min are used in the process. 
The depth of the metal pool and grain size is increased by increasing the power. This 
is due to the grain growing freely in the higher metal pool depth compared to smaller 
metal pool depth. The reason for increasing the hardness and wear resistance are 
Figure 8. 




Schematic diagram of (a) As received AZ31B magnesium alloy, microstructure of laser fused layer of (b) laser 
melted at 1600 W, (c) laser melted at 1800 W, (d) laser melted at 2000 W.
Figure 10. 
The effect different heat treatment on weight loss of AISI M2 tool steel.
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due to the grain refinement, high dislocation density and dispersive distribution of 
β- Mg17Al12 phase in the fused layer. [15].
The LSM method produced the higher surface roughness of AZ80 magnesium 
alloys compared to MB26 due to the variation in cooling rate. A nanosecond pulsed 
fiber laser with the wavelength of 1060 nm is used for the LSM process. The pro-
cess parameters such as pulse duration, repetition rate, and spot size are 220 ns, 
500 kHz, and 44 μm, respectively. Alloys are irradiated with a laser power density 
of 1.20 × 107 W/cm2 and at a scanning speed of 200 mm/s with 50% beam bath 
overlapping. The higher microhardness was observed for MB26 than the AZ80 due 
to the higher melting layer thickness. [16]. The LSM is also used to study the grain 
size, microhardness of hybrid composites. The laser power is varied from 1.8 to 
2.0 kW, the laser beam diameter range is 4.72–6.07 mm, standoff distance range is 
35–45 mm and a constant scan speed of 400 mm/s is maintained. Argon shielding 
gas is used during the laser melting process to prevent the oxidation. The study 
found that the LSM treated hybrid metal matrix composite has lower grain size 
compared to untreated composites due to rapid solidification after LSM. The LSM 
produces the higher hardness of composites compared to untreated composite [17]. 
The effect of different laser power on microhardness and wear of AISI M2 high 
speed steel is studied by using LSM. The Nd: YAG laser, stand of distance varying 
from 1 to 2 cm, power varying from 600 to 1800 W, argon gas of 0.5 bar, laser spot 
varying from 2 to 4 mm and speed varying from 50 to 100 cm/min are used in 
this process. The results found that the maximum hardened depth of 0.85 mm is 
achieved by using power of 1400 W. The wear resistance of tool steel is nearly equal 
to conventionally hardened work material and it is shown in Figure 10. The reason 
for LSM produces high wear resistance and high hardened surface is due to the fine 
dendrites with dissolved carbides [18]. The LSM is also used to improve the hard-
ness and wear resistance of Hastelloy C-276. The CW CO2 laser with the parameters 
of 2 mm beam diameter, 0.6 MPa argon pressure, power varying from 1.25–1.75 kW, 
speed of 300 mm/min and interaction time of 400 ms are used in the work. The 
result found that the maximum hardness of 447 HV is achieved by using the power 
of 1.5 kW and scanning speed of 300 mm/min. The hardness is improved by 1.8 
times compared to parent metal. The wear resistance of hastelloy is high in the 
sample laser treated at 1.5 kW of power and 300 mm/min speed and it is shown in 
Figure 11. This is due to the significant effect of grain refinement on hardness [19].
Figure 11. 
The effect of LSM on wear resistance of Hastelloy C-276.
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The laser surface melting is carried out on nodular cast iron (NCI) [20]. The 
laser parameters, power of 1.5 kW, scan speed of 600 mm/min, overlapping of 
30% and defocus of 15 mm and argon gas are used to melt the NCI surface. The 
microstructure of as received nodular cast iron showed with more ferrite and 
less pearlite as shown in Figure 12a. The γ-phase dendrites and an interdendritic 
carbide structure were observed in the laser treated region and it is shown in 
Figure 12b. The reason for forming dendrite in the laser treated region is due to the 
rapid heating and solidification. The needle shape interdendritic structure of Fe3C 
and M-phase is also observed due to the higher cooling rate. The convection is also 
the reason for forming of homogeneous dendritic. The small diameter of nodules is 
also observed in the bottom layer with partial dissolution of nodular graphite due to 
the heat treatment and self-quenching. The uneven martensite and dendrite phases 
are observed in the intermediate layer due to the rapid re-solidification of the melt 
pool. Finally, fine martensite is observed in the bottom region. Moreover, no cracks 
and no voids are observed in the processed depth.
The worn out surface of as received and laser melted surface is shown in 
Figure 13a and b. The LSM specimen wear track showed with smooth, minor 
grooves and delamination. The wear depth and pile-up of laser processed 
specimens are lesser than untreated specimens. The laser treated surfaces have 
Figure 12. 
Microstructure of; (a) as-received nodular cast iron, and (b) laser surface melted nodular cast iron.
Figure 13. 
Worn out surface of; (a) base metal, (b) laser melted specimen.
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fine grooves resulting in improving the wear resistance of specimens due to the 
microstructure changes. The root causes for improving the wear resistance of 
laser processed materials are fine M-phase and retained γ-phase with Fe3C phase. 
The length of depth of hardness is increased by increasing the melted depth. The 
reasons are due to the precipitation hardening, residual stress by refinement of 
grains through rapid re-solidification. The cooling rate and thermal gradient also 
support the refinement of grains resulting in increased the hardness of the laser 
treated zone. Compared to hardness of substrate material, the laser processed 
depth has four time higher hardness due to the uniform grain structure. The par-
tially melted zone shows the higher hardness due to the graphite nodules and fine 
ledeburite microstructure with the graphite interface. The wear loss is calculated 
for both the laser processed sample and untreated sample. The laser processed 
samples showed less wear than substrate.
4. Laser surface alloying (LSA)
Laser surface alloying is a material processing technique that utilizes the focused 
laser sources and produces the high power density to melt the metal coating and 
a portion of the underlying substrate. The schematic view of laser surface alloy-
ing is shown in Figure 14. The schematic diagram of shape and dimensions of 
laser surface alloyed zone is shown in Figure 15. Here, W = width, T = thickness, 
B = build-up and D = melted depth. Aluminum alloys are widely used in automobile 
and aerospace applications due to the availability and low cost, ductility, good 
strength-to-weight ratio and lightweight. These alloys have low hardness and poor 
tribological properties which leads to wear problem. Hence, the additional protec-
tion is required to enhance the wear resistance properties to localized areas. So, LSA 
can be used to improve the surface properties of aluminum alloys, titanium alloys, 
magnesium alloys, copper alloys and nickel-copper alloys. The laser alloyed com-
ponent properties are depending upon the selection of alloy material, composition 
and elemental surface distribution. These factors are affecting the microstructural 
Figure 14. 
Schematic view of laser surface alloying.
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development in the alloyed surface. The ceramic alloys, carbide, oxide and boride 
(SiC, WC, TiO2, TiB2 and TiC) are widely used as the coating material on aluminum 
alloys due to the low density, high hardness, good wear, high melting temperature 
and corrosion resistance. The hybrid ceramics, a component coating on aluminum 
produces better wear resistance than the single ceramics component coating. 
Titanium is added to the carbon resulting in forming TiC to improve the surface 
properties and by the same to prevent the formation of Al4C3 carbides. A study on 
FeCoCrAlCuNix high entropy alloy coating on pure copper is carried out using LSA 
to evaluate the microhardness and wear. The laser power 1.7 kW, laser spot diameter 
1.2 mm, scanning speed 2.0–3.0 mm/s, argon as shielding gas and flow rate 12 L/
min are used in this process.
Figure 16a shows the microstructure of HEA FeCoCrAlCuNix. The HEA coating 
have high density, little holes and adequate metallurgical bonds to substrate. It is 
noticed that the dilution ratio of the tested HEA coating is higher than 20%. Typical 
dendrite and interdendrite structures are clearly observed in Ni05 and Ni10 HEAs 
(Figure 16b and c), while only one phase was observed for Ni15 HEA (Figure 16d). 
Compared to hardness of copper, coated copper produces higher hardness and it is 
shown in Figure 17 [21]. The effect of addition of Ni–Cr–Si–B alloy to brass substrate 
was studied through LSA. The 2 kW CW Nd-YAG laser with a spot diameter of 
3 mm, the laser power density varied between 141 and 212 W/mm, while the scan-
ning speed is kept constant at 5 mm/s. Argon with a flow rate of 15 l/min is used as 
the shielding gas to prevent the oxidation. Laser surfacing is achieved by overlapping 
of adjacent tracks, with an overlapping ratio of 50%.The hardness of the modified 
layers increased slightly from the surface to a maximum and sharply fell to the value 
of the substrate at the interface between the treated layer and the substrate. The 
increases in hardness observed for the modified layer is attributed to the formation 
of hard borides [22]. The effects of addition of SiC and TiO2 to aluminum alloy are 
studied by continuous mode CO2 laser. The CO2 laser with the parameters of 1.7 kW, 
scan speed of 400 mm/min, standoff distance of 40 mm and laser beam diameter 
of 7.4 mm are used for SiC alloying. The CO2 laser with the parameters of 1.8 kW, 
scan speed of 300 mm/min, standoff distance of 30 mm and laser beam diameter of 
5.8 mm are used for TiO2 alloying. The result found that the ceramic nature of SiC 
Figure 15. 
Schematic diagram of shape and dimensions of laser surface alloyed zone.
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and TiO2 improved microhardness of alloyed zone from 30 HV0.3 substrate material 
to 180 HV0.3 with SiC and 220 HV0.3 with TiO2 [23].
A study on the effect of addition of WC + Co + NiCr to AISI 304 stainless steel 
through Nd: YAG laser. The 5 kW Nd: YAG with beam diameter of 4 mm, power 
varying from 1 to 3 kW, scan speed from 0.005–0.1 m/s and argon gas of 5 L/min are 
Figure 16. 
Microstructure images of (a) FeCoCrAlCuNix HEA coatings on cross sectional view, (b) high magnifications 
image of Ni05 HEA (c), Ni10 HEA (d) and Ni15 HEA.
Figure 17. 
Microhardness of FeCoCrAlCuNix HEA coatings.
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used in the alloying process. The experimental result found that the LSA has been 
performed to form a defect free and uniform alloy zone. Compared to hardness of 
substrate, laser alloying produces the higher hardness due to the grain refinement [24].
The laser surface alloying is carried out on nodular cast iron by adding 
Ni-20%Cr alloy [20]. The laser parameters, power of 1.5 kW, scan speed of 
600 mm/min, overlapping of 30% and defocus of 15 mm and argon gas are used to 
alloying the NCI surface. The microstructure of the laser alloyed specimen, worn 
out surface of substrate and laser alloyed specimen is shown in Figure 18a–c respec-
tively. The ledeburite and pre-eutectic austenite are observed in the LSA surface. In 
addition, γ-phase (austenite) to M-phase (martensite) is transformation observed. 
The laser alloyed surface has produced the defect free and fine microstructure. 
The γ-phase has a higher percentage of Ni than cementite, whereas the Fe3C phase 
has Cr more and Ni less element. Hence, the presence of Fe3C on the laser-alloyed 
surface is rich in Cr and the γ-phase was supported through the solid solution of 
both alloy powders of Ni and Cr. The rapid solidification is the reason for obtaining 
the fine microstructure in the laser alloyed surface. The laser processed worn out 
surfaces have severe plastic deformation, wear track, delamination, grooves and 
adhesive particles. The NiCr alloying is also observed by using the LSA. The length 
of depth of hardness is increased by increasing the melted depth. The reasons are 
due to the refinement of grains through rapid re-solidification. The rate of cool-
ing rate and thermal gradient also support the refinement of grains resulting in 
increased the hardness of the laser treated zone. Compared to hardness of substrate 
material, the laser processed depth has 2.62 time higher hardness due to the uniform 
grain structure. The wear loss is calculated for laser processed sample and untreated 
Figure 18. 
Microstructure of LSA specimen (a), worn out surface of substrate (b), and worn out substrate of LSA (c).
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sample. The laser processed samples are produced lesser wear rate than substrate 
due to the improved hardness.
5. Laser cladding (LC)
Laser cladding is similar to arc welding. The laser is used to melt the clad material 
coated on the substrate. The powder, wire and strip form of clad materials are com-
mercially available to perform by different laser processes. The major benefits of LC 
have low porosity, good surface uniformity and low dilution. The clad materials have 
rapid quench and cooling down after deposition resulted in a fine grained micro-
structure. The laser is used to deposit clad material on substrate through the interac-
tion of powder with laser. The substrate permits the melt pool to solidify and form the 
solid track. The schematic of laser cladding process is shown in Figure 19. Compared 
to other different surface processing used to enhance the wear and corrosion resis-
tance of substrate, LC is an attractive alternative method. This is due to the intrinsic 
properties of laser radiation. The LC benefits are high input energy, low distortion, 
and minimum dilutions observed between the substrate, processing flexibility and 
cladding on small areas. The LC can be used in surface alloys and composites in order 
to achieve the required properties. The LC produces desired properties are obtained 
by varying the process parameters such as laser beam power density, laser beam 
diameter at the workpiece surface and laser beam travel speed.
The laser solution strengthening, laser surface alloying and laser cladding have 
highly correlation to corrosion and erosion resistance. The laser solution strength-
ening and laser surface alloying are used to improve the erosion and corrosion 
resistance of old components without changing their sizes whereas laser cladding 
is used to repair wasted components by restoring their size. The high entropy alloy 
of CoCrFeNiNbx is coated to a pure titanium sheet by using laser cladding to study 
the hardness of the material. The laser cladding parameters such as power of 100 W, 
scanning speed of 8 mm/s, defocusing amount of +2 mm, pulse duration of 5 ms, 
Figure 19. 
Schematic of laser cladding process.
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frequency of 20 Hz, beam diameter of 1 mm power density of 127.4 W/mm2 and 
linear energy density of 12.5 J/mm are used in this process. The result found that the 
CoCrFeNiNbx HEA coated on titanium sheet produces higher hardness compared 
to the pure titanium. The Nb coating produces significant improvement in hard-
ness compared to pure titanium due to the consisted phase of BCC solid solution 
with equiaxed bulk grain morphology and Cr2Ti Laves phase [25]. A comparison is 
performed between the thermal spray coating and laser cladding performance on 
steel. The laser cladding conditions, power of 780 W, cladding speed of 4.3 mm/s, 
powder feed rate of 6 g/min and argon gas are used. The thermal spray conditions, 
distance of 200 mm, acetylene (0.7 bar) and oxygen (4 bar) gas are used. The Metco 
15E powder is used in both the processes. The result found that the cladded layer 
produced the high hardness, crack free, and good adherence to substrate whereas 
flame coating produces high porosity, minimum dilution and oxides inclusions [26]. 
The Inconel 625 coating performance on steel is evaluated by arc welding and laser 
cladding based on the microstructure, wear resistance and hardness. The parame-
ters, power of 1200 W, scan speed of 2 mm/s, powder feed rate of 5 g/min, shielding 
gas flow rate of 5 L/min and powder feeding gas flow rate of 8 L/min are used. The 
result found that the arc welded and laser cladded Inconel 625 coatings have Ni (fcc) 
solid solution phase, and fine microstructure. The arc welded coating to Inconel 625 
is produced slightly lower hardness compared to laser cladding coating. This is due 
to the microstructure developed in the arc welding. The laser cladded Inconel 625 
coating is preferred due to its better mechanical performance such as hardness and 
wear resistance at both room and elevated temperature [27]. The 316 stainless steel 
powders coated on EN3 mild steel is to evaluate clad geometry and distribution of 
elements by laser cladding. The 2 kW continuous wave CO2 with laser power 1.8 kW, 
beam spot diameter 2–5 mm, powder feed rate 0.160–0.220 g/s, substrate traverse 
speed 7–40 mm/s are used. The stainless steel powder coating provides the sound 
coating and no porosity [28]. The Fe-Cr-Si-B alloy powder coating is performed on 
low carbon steel using laser cladding to evaluate the microstructure, hardness, wear 
resistance and corrosion resistance. The result identified that the Fe-Cr-Si-B alloy 
powder coating provides higher wear resistance, high hardness and high corrosion 
resistance compared to substrate [29]. The CPM 15 V, CPM 10 V, CPM 9 V, D2 and 
M4 coatings are provided on AISI 1070 carbon steel by laser cladding. The laser clad-
ding conditions, power varying from 2.5–2.75 W, laser beam diameter varying from 
2 mm, substrate traverse speed varying from 7.6–8.6 mm/s, powder feed rate varying 
from 20 to 9 g/min and overlap varying from 30 to 50% are used in the process. 
The abrasive wear resistance of the laser-clad CPM 15 V and CPM 10 V coatings is 
superior performance than D2 steel, whereas the wear resistance of the CPM 9 V 
and M4 coatings is inferior to that of the D2 [30].
Figure 20a shows the microstructure of Colmonoy 6 cladding on Inconel 625 
[31]. The laser cladding parameters are 400 mm/min speed, feed rate of 4 g/min, 
power of 1000 W, argon pressure of 1 bar with flow rate of 25 lpm and 150 degrees 
preheating used in this process. The clad surfaces have no defects, uniform dendrite 
eutectic phases observed. There are two regions represented in the cladded surface 
such as darker region for boride content and lighter region for γ-nickel. The high 
quantity of intermetallic lave phase is observed in the cladded surface. Figure 20b 
shows the worn out surface of substrate Inconel 625. Compared to wear intensity of 
sample, laser cladded surfaces have lesser wear. The plow marks are also observed 
in the worn out surface substrate due to the less wear resistance and high plastic 
deformation. The higher material removal rate of the sample is observed than 
the cladded surface. Figure 20c shows the laser cladded worn out surface. The 
few debris particles, few depth of wear track and few grooves are observed in the 
cladded surface. This is due to the high hardness of the clad layer. Therefore, better 
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protection is provided by the clad layer over the untreated surface. The more hard-
ness is observed in the clad surface than the base metal. The reasons for increasing 
the hardness of clad surface is due to the defect free cladding, proper fusion and 
laves phase presented. The reason for decreasing the hardness of base material is 
due to weak intermetallic phases.
The coefficient of friction (CoF) and wear behavior of coated and substrate 
found that the CoF is increased with increased sliding distance due to the reduced 
adhesion resistance and increasing heat between points of contact. The more CoF 
is observed in the substrate sample than clad sample due to the adhesion effect. The 
less CoF is observed in the clad sample due to the hard laves phases. It is found that 
low mass loss is observed in the clad sample compared to base material. The wear 
loss is highly related to the hardness and base material produces poor wear resis-
tance when compared to clad surface.
6. Laser texturing
Laser texturing is a process that alters a material surface property by modifying 
its texture and roughness. The laser beam creates micro patterns on the surface 
through laser ablation, removing layers with micrometer precision and perfect 
repeatability. Typical patterns include dimples, grooves, and free forms. Laser 
surface texturing can be used to improve properties like adherence, wettability, 
electrical and thermal conductivity, and friction. For example, the method can 
increase surface adherence before applying common coatings like adhesives, paint 
or ceramic. Laser texturing can also be used to prepare surfaces for thermal spray 
coating and laser cladding as well as to improve the performance of mechanical 
seals. Surface treatments like abrasive blasting and chemical etching processes need 
Figure 20. 




consumables like steel grits and acid to texture surfaces. Unlike those treatments, 
the laser texturing process functions without consumables. This results in low oper-
ating costs, low maintenance, and improved health and safety in the workplace. 
Figure 21. 
Schematic of laser texturing process.
Figure 22. 
Schematic of laser surface texture dimensions: (a) circle, (b) oval.
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Operators will not need to handle chemicals, wear protective equipment, and stop 
operations to replace consumables. Laser texturing uses laser ablation to selectively 
remove materials from specific surface areas. By adjusting the laser’s parameters, 
the surface is removed as well as creates different patterns. This typically increases 
roughness, creating surface textures that can easily lodge adhesives and provide 
additional anchoring surface. To reach the material’s ablation threshold, pulsed 
lasers concentrate energy to reach a high peak power. Typically, the pulse duration 
is 100 nanoseconds, and each pulse contains between 0.5 and 1 millijoules. The time 
required to texture a surface depends on the material, the desired roughness level, 
and the laser system’s output power. The application of laser texturing is in adhesive 
bonding, mechanical seals, painting and coatings. The laser texturing process is 
shown in Figure 21. The circle and oval shape dimple texturing on metal can be 
made using a laser and the schematic diagram is shown in Figure 22 a-b. Where, 
a = pitch, b = diameter, and c = height.
7. Conclusion
The new materials have been developed every day to meet the demand of 
competitive situations. The surface properties of substrate can be improved by a 
number of methods such as laser surface alterations such as surface hardening, 
melting, alloying, cladding and texturing in order to improve the mechanical 
performance and tribological behavior. In this work, the effect of laser process 
parameters on microstructure, hardness and wear rate of materials have been 
presented. The laser surface hardening is needed to high stressed components 
namely gear teeth, gears, shafts, camshafts, axles, cylinder liners and exhaust 
valves. The laser surface melting can be adopted in biomedical alloys, sport cars 
and power plants made of stainless steel, magnesium alloy and superalloys. The 
locomotive, aerospace and structural components made of aluminum alloys, 
titanium alloys and magnesium alloys have required the laser surface alloying 
to improve the surface properties of metals. The repaired and refurbishment 
components such as internal combustion engine parts, gas turbine, turbine blades 
and tools are highly needed the laser surface cladding to improve the surface 
properties of metals. The texturing on material is used to increase the tribological 
characteristics of materials resulting in improved surface roughness, wettability, 
improve load capacity, wear rates, lubricating lifetime and reduce friction coef-
ficient. Hence, the laser based surface modification techniques can be adopted to 
improve the performance of the components.
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